Concerns over the development of antibiotic-resistant bacteria within the food animal industry have intensified the search for natural approaches to the prevention and treatment of bacterial diseases. Competitive exclusion cultures are the foundation of a disease-management strategy based on the use of benign bacterial strains to prevent the establishment of pathogenic bacteria within a specific host. Differentiation of phenotypically ambiguous isolates is a critical step in establishing a manageable library of bacteria for use in the development of defined competitive exclusion cultures. We used automated ribotyping techniques to dereplicate a large collection of phenotypically ambiguous isolates from a continuous-flow competitive exclusion culture. A total of 157 isolates were screened following an EcoRl restriction enzyme digestion. The 157 isolates were resolved into 23 ribogroups, which represents an 85% reduction in the number of isolates in the bacterial isolate library. Seventy-six percent of the isolates fit into one of five ribogroups. This work demonstrated that automated ribotyping is an effective and efficient tool for dereplication of diverse bacterial isolate libraries.
In recent years, concerns about the use of antimicrobial products in food-producing animals have focused on the impact of these practices on human food safety. Foods of animal origin are often identified as the agents of foodborne disease in humans and as potential vehicles for the transmission of resistant foodborne pathogens. Salmonella serovars and Camp ylobacter jejuni are the major zoonotic pathogens of concern for the development of antimicrobial resistance. An estimated 1.96 million cases of foodborne campylobacteriosis and 1.34 million cases of foodborne salmonellosis are reported each year in the United States. The development of resistance in Salmonella or Campylobacter to the antibiotics used to treat these infections in humans could have a significant detrimental impact on human health (1).
Increased focus by the public and the human medicine community on the use of antimicrobial agents in food animals and the related risk of developing antibiotic resistance among pathogenic microorganisms has fostered a burgeoning interest in the development and use of competitive exclusion (CE) cultures as alternatives to antibiotics within the agricultural arena (7, 12) . CE cultures have been used extensively and with great success outside of the United States (2) . In the United States, these materials are classified as drugs by the Center for Veterinary Medicine (CVM) (14) . In 1998, the U.S. Food and Drug Administration approved a CE product (15) of known microbial composition (2) .
A key to the development of new defined CE cultures the efficient and definitive characterization of the microbial constituents. Conventional methods of microbial characterization such as determination of phenotypic characteristics and extensive biochemical characterization have several limitations, including (i) lack of standardization, (ii) the need for skilled personnel, and (iii) extensive hands-on time (3, 5, 6, 16) . Automated ribotyping has been an efficient and effective tool for accurately characterizing bacteria based on clonal origin regardless of their phenotypic or biochemical characteristics (3, 5, 9, 13, 16) .
When building a bacterial library for use in CE culture development, hundreds of isolates must be characterized. Consequently, a high degree of isolate duplication is associated with bacterial libraries derived from environmental and agricultural sources (8, 10) . This redundancy increases the cost and personnel time required for both screening and maintenance of the culture collections. Dereplication of such bacterial libraries is economically and scientifically prudent for the efficient development and future use of newly defined cultures (2, 4, 7, 8, 12) . Dereplication has been attempted through comparison of the morphological characteristics of isolates, which is labor intensive, subjective, and highly empirical (3, 4, 8) . Further characterization has involved the use of biochemical culture methods. Many of these methods were originally developed for human clinical isolates and therefore are not effective for samples from other species (8) . Molecular techniques such as PCR-restriction fragment length polymorphism analysis, pulsedfield gel electrophoresis, and automated ribotyping are well suited to the dereplication of individual bacterial genera or species libraries (4, 5, 8) . This study was focused on the dereplication of an extensive library of diverse bacterial isolates targeted for use in the development of defined CE culture.
MATERIALS AND METHODS
Culture conditions and bacterial isolates. The original culture was derived from the cecal contents of a healthy 6-week-old piglet and was maintained in a continuous-flow system using modified Viande Levure (VL) medium as previously described (Ii) . The pig was obtained from a commercial producer and maintained in our facility on a typical antibiotic-free commercial diet until it was euthanized. The cecum was surgically removed using standard sterile technique, and 50 g of cecal contents was extracted and immediately transferred into an anaerobic chamber (Coy Laboratory Products. Ann Arbor. Mich.) where it was added to 100 ml of anaerobic VL medium. This mixture was used immediately to initiate the continuous-flow culture system in which the mixed cecal microflora was maintained in a BioFlo I fermentor fitted with a 2-liter chemostat vessel (New Brunswick Scientific Co., Edison, N.J.). The chemostat vessel containing 1 liter of VL broth was constantly flushed with a stream of 07-free CO, to maintain anaerobiosis. The medium was prepared in 13-liter Pyrex bottles, autoclaved for 1.5 h, and flushed with a stream of 02-free CO2 immediately upon removal from the autoclave. The chemostat vessel was filled with I liter of VL medium (pH 5.50) and allowed to sit for 48 h prior to inoculation to ensure that no microbial contamination had occurred. The inoculum was placed in the vessel, the nutrient pump was activated, and the culture was incubated under continuous-flo w conditions at a flow rate of 0.8 ml/min and a vessel turnover time of 24 h. After 7 days, a constant PH (6.0) was observed and the culture was considered to be in a steady-state condition. The culture has been constantly maintained in our laboratory to serve as a parent culture for the development of other recombined CE cultures used in ongoing research.
Aliquots of the culture (500 and 250 ii) were plated onto 150-mm anaerobic Brucella blood agar (BRU; Anaerobe Systems, Morgan Hill, Calif.) plates and incubated anaerobically at 37°C for 48 to 72 h in a Bactron IV anaerobic/environmental chamber (Sheldon Manufacturing, Inc.. Cornelius, Oreg.). Following incubation, anaerobic plates were examined with a stereoscopic microscope, and 119 visually distinct individual and mixed colonies were selected, transferred into a tube containing 9 ml of VL broth, and incubated at 37°C for 24 to 48 h. Following incubation, sterile anaerobic glycerol (2.25 in]) was added to the 9-ml culture, which was then stored at -70°C.
Phenotypic analysis. Frozen anaerobic bacterial culture tubes (n = 119) containing either single isolates or mixed cultures were thawed, and a 10-ui aliquot from each tube was plated onto a BRU plate and incubated as previously described. Following incubation, plates were examined with a stereoscopic microscope, colony morphology was described, and visually distinct single colonies were selected for secondary isolation. Each colony was transferred onto a BRU plate and incubated as previously described. Final isolates were identified with three-number system, e.g.. the isolate designated 1.30.1 was from rack 1 and tube 30 of the initial isolation selections (liSs) and was the first selection from the final subculture plate. Following incubation, individual colonies were harvested from the BRU plates and (i) transferred into tubes containing 9 ml of VL broth, incubated, and frozen as described: (ii) used to perform standard Gram stains; or (iii) cultured onto tryptic soy agar with 5% sheep blood (Becton Dickinson. Sparks. Md.) and incubated aerobically at 37°C for 48 h to test for aerotolerance. Biochemical analysis. Aerotolerant isolates were tested for catalase and indole (Anaerobe Systems) production. Further testing of the facultative anaerobes was done with appropriate API identification strips (API 20 STREP and API STAPH; bioMérieux, Hazelwood, Mo.). Obligate anaerobic isolates were cultured onto BRU plates for testing. All isolates were analyzed using special-potency disk identification (vancomycin, 5 i.g; kanamycm, 1,000 g; and colistin, 10 p.g), nitrate reduction testing (Anaerobe Systems), API identification strips for anaerobes (An-IN-DENT and API 20A; bioMérieux), and the spot indole test. When warranted by the results of these six initial tests, growth with bile disks (Remel, Lenexa, Kans.) and SPS disks (Anaerobe Systems), growth on the selective agars bacteroides bile esculin (Anaerobe Systems) and Rogosa SL (Becton Dickinson), and volatile fatty acid and lactic acid production were analyzed. Automated ribotyping. Ribotyping was performed using the RiboPrinter Microbial Characterization System (DuPont Qualicon, Wilmington, Del.). Isolates were plated on BRU and incubated anaerobically at 37°C for 48 h. Single colonies were transferred to tubes containing 9 ml of VL broth and then incubated at 37°C 1.00 ± 0.0 1 507-S-2
1.00 ± 0.0 1 515-S-6
1.00 ± 0.0 1 for 24 to 48 h. A I -ml aliquot of the resulting culture was washed with sterile phosphate-buffered saline (PBS) and centrifuged at 14,000 X g for 2 min to pellet the bacteria. The bacteria were then resuspended in sterile PBS to a turbidity equivalent to a 6.0 MacFarland Standard. The automated ribotyping process involves bacterial cell lysis and cleavage of the DNA with the restriction endonuclease EcoRI. DNA fragments were separated by gel electrophoresis and analyzed with a modified Southern hybridization blotting technique. The DNA was hybridized with a labeled rRNA operon probe derived from Escherichia coli, and the bands were detected on a chemiluminescent substrate. The image was captured with a customized charge-coupled device camera and then electronically transferred to the system computer. Each sample lane on the gel was normalized to a standard marker set. The resulting riboprint patterns were compared to 4,740 EcoRi riboprint patterns in the DuPont database and an additional 900 EcoRi riboprint patterns in the custom database. Profiles with a similarity as calculated by the proprietary algorithm of the RiboPrinter, were combined to form a dynamic ribogroup, which reflected the genetic relatedness of the isolates.
RESULTS AND DISCUSSION
The RiboPrinter is configured to provide characterization results based on a minimum 93% match and identification results based on a minimum 85% match. For this reason, we report only characterization data. With automated ribotyping, the 157 isolates were characterized into 23 ribogroups (Fig. I) , which represents an 85% dereplication of the bacterial library. Thirty-six of the 81 liSs contained multiple isolates (Table 1) . Of the multiple-isolate liSs, 14% contained more than four isolates. The largest number of final isolates obtained from a single uS was 10, from IIS 1.12. uS 1.57 was the most diverse, with nine isolates from five ribogroups, and uS 1.11 was the least r-. diverse, with eight isolates that were all characterized into one ribogroup (Table 1) . Ribogroup consolidation of the multiple isolates occurred in 56% of the LISs (Table 1) . Table 2 shows the distribution of isolates and lISs within the 23 ribogroups. Twenty-two percent of the ribogroups contained ^-10 isolates, whereas 35% contained only I isolate (Table 2) . Ribogroup 275-S-2 contained 41 isolates, the most of any ribogroup, whereas eight ribogroups contained only a single isolate each (Table 2) . Ribogroup 292-S-5 contained 10 isolates from 10 different liSs (Table 2) , mak-ing it the most diverse ribogroup. Ribogroup 275-S-5 exhibited the least diversity, with 22 isolates from 12 different LISs (Table 2) . Table 3 shows the similarity values between the ribogroups. There were only three pairs of ribogroups with similarity values 2^61%: 49-S-5 and 515-S-6 (61% similarity), 275-S-1 and 288-S-1 (82% similarity), and 282-S-3 and 288-S-I (62% similarity). Seven ribogroups exhibited no similarity to any other ribogroup.
The main objective of this work was to evaluate the RiboPrinter Microbial Characterization System (DuPont Qualicon) as a tool for the dereplication of a CE bacterial library consisting of 157 isolates. Other researchers have utilized the RiboPrinter system to fine tune the genetic differentiation of isolates from known genera (3, 5, 6, 9, 10) . However, we examined the utility of the RiboPrinter system for genetically differentiating among bacterial isolates from a variety of undetermined genera.
The RiboPrinter system was more efficient than the traditional phenotypic and biochemical methods employed for bacterial differentiation. Almost 1,000 person-hours were necessary to conduct phenotypic and biochemical analysis of these 157 isolates, and these analyses failed to provide sufficiently detailed information to definitively group the isolates into genetic cadres. Analysis of these isolates with the RiboPrinter system required less than 100 person-hours, representing a 10-fold decrease in time expended, and resulted in the definitive characterization of isolates based on genetic relatedness. This characterization provided a basis for the dereplication of the CE bacterial library from 157 to 23 isolates, an 85% reduction in library size. A fully characterized and concise library of bacterial isolates is essential for the development of highly effective, licensable recombinant CE products.
The results of this study affirm the value of automated ribotyping for characterizing bacteria, discriminating among them in terms of genetic diversity, and facilitating the rapid and unambiguous dereplication of bacterial libraries.
